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depreciation expenses added back in, stands at 9 years2.  Without consideration of the tax benefits the 
payback period is 15 years based on project revenues alone (this holds true for all of the scenarios 
analyzed except for the electricity price premium which increases project revenues).  The payback 
period is dependent on the system revenues which are significantly affected by the system’s efficiency; 
the payback period can be brought down to as low as 6 years by increasing efficiency, shown in Figure 9 
below.   





1. Loan Guarantee 
In determining the loan size, a balance must be struck between the loan size and the expected debt 
service coverage ratio (DSCR) of the project.  For the bank’s portion of the loan a DSCR of 3 was used to 
calculate the implied loan size that a lender would offer; this high DSCR reflects lenders’ perception of 
risk consistent with interviews with industry sources that indicated that private lenders in biogas 
projects required substantial debt coverage or collateralization.  A 55% loan guarantee was then added 
to boost the principle size qualifying the project for a loan of $415,800.  Under the USDA’s REAP loan 
                                                          
2
 The USDA’s simple payback calculation was used: total cost/(average net income + interest expense + 
depreciation expense).  Income includes all system revenues and any tax credits or incentives that can be 
monetized over at least 5 years.  (K. Oehler, Personal Communication, March 2014) 
3
 Base scenario defined as 4,800 swine head with energy conversion rate of 1.548 mmbtu/head, and generator 
inefficiency factor of 30%.  High efficiency scenario defined as 6,000 swine head with energy conversion rate of 










































guarantee program the project could receive a loan guarantee of up to 80% however the guarantee was 
limited to 55% in order to ensure an actual debt service coverage ratio above one.  Loan terms of a 10 
year amortization period and 4.8% interest rate were assumed. 
The addition of this loan brings the required equity down from $977,000 to $561,200.  The payback 
remains at 9 years.  The return on equity over the 20 year project life increases from 6% to 8% and the 
net present value over 20 years at a 7% discount rate increases from -$46,200 to $27,300. 
2. Grant 
As discussed previously, grant sources that could be added into project sources include North Carolina’s 
Lagoon Conversion Program (LCP), the federal Environmental Quality Incentives Program (EQIP), the 
Conservation Innovations Grant (CIG) or USDA’s Renewable Energy for America Program (REAP).  
Additionally these could be funds provided by a local entity – government or foundation – that has an 
interest in the establishment of biogas projects.  For this analysis a grant size of $450,000 was assumed, 
equivalent to the LCP maximum.  When added to the funding sources of the modeled project the grant 
generally improves the project outlook from the equity standpoint.  Equity required drops to $527,000.  
The project then sees a return on equity over its lifetime of 15% and a net present value (over 20 years, 
at a 7% discount rate) of $253,600.  However, the payback period increases significantly with the 
inclusion of the grant, rising to 12 years.  This is due to the treatment of public funds under North 
Carolina’s renewable energy tax credit program; the base for the tax credit calculation is project cost 
minus any public funds used in the installation and thus a public grant source of $450,000 effectively 
cuts the tax credit benefit in half.  
3. Loan Guarantee and Grant Combination 
The third financing scenario analyzed utilizes a combination of the loan guarantee and grant programs.  
The loan size is the same as under the first scenario at $415,800 with the 55% guarantee; the grant is 
adjusted down to $320,000 to ensure there is still a 25% equity contribution (as per USDA REAP program 
requirement), at $241,200.  With these sources the payback period is 10 years, the 20-year return on 
equity raises to 23% and the NPV drops slightly from the grant-only scenario to $240,400.  In addition to 
a higher rate of return for investors, this option is attractive from the funder’s perspective as it allows 
resources to be leveraged over more projects through loan guarantee reserves that spread risk among 
multiple projects.  Additionally this option forces the involvement of a private lender which will help to 
bring down the risk perception over time. 
4. Production Incentive - Electricity Price Premium 
Under this scenario a $.04/kwh price premium was assumed on the electricity generated from the 
system.  This could be accomplished through participation in NC GreenPower, a voluntary program, or 
through a Standard Offer Program that sets a mandatory minimum price for electricity generated from 
swine biogas.  In the case of Vermont, discussed in greater detail in the following section, these 
programs are used in conjunction to ensure a minimum rate of return to renewable energy project 
investors.  The project investors interviewed for this analysis indicated that production incentives of this 
type are preferable to construction subsidies and that they prioritize developing projects in states where 
these programs are in place (S. Breen, Personal Communication, March 2014).   
The equity required here was modeled at $977,000, the same as the base case with no loan or grant 
subsidy.  Adding in the price premium brings the payback period down to its lowest point in this analysis 
at 7 years.  The return on equity is 10%, lower than when grant and loan sources were included but 
notably higher than the base case.  Similarly the net present value (20 years, 7% discount) is lower than 
the grant and loan scenarios but higher than the base case at $179,000.  Pairing this production 
incentive with some upfront assistance would be ideal. 
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Production incentives serve to improve project prospects over the long term.  In the event that the 
system breaks down or needs significant maintenance, the boosted revenues help to ensure that it is 
worthwhile for the system owner to rehabilitate the system and keep it functioning.  In many cases, the 
reason for AD system failure historically is that the system breaks down and the owner chooses not to 
invest in it further (M. Raker, Personal Communication, March 2014).  When grant funds are used for 
the initial installation this is an easier decision to make as the owner has less invested in the technology. 
In addition to a direct price premium, any intervention that boosted project revenues would produce a 
similar effect.  These include, in no particular order: 
• Codigestion of other organic waste products which boosts system efficiency and bring in 
revenue through tipping fees. 
• Increasing the cost of current waste disposal methods through regulation, effectively increasing 
the avoided cost demonstrated by the biogas system. 
• Production of value-added revenue generating products from system digestate or post-digester 
effluent.  In the dairy industry the fibrous waste product from the digester itself is used as 
bedding in the cow barns, representing revenue in the form of avoided cost.  The waste heat 
from the system is also of value and can be used in milk processing and in the dairy barns.  In the 
swine industry bedding is not needed and swine waste does not have sufficient solid content to 
produce a fibrous product.  Systems in warm climates also do not need additional heat for swine 
barns or production and have a harder time capturing the benefit of waste heat.  However the 
resulting effluent can be turned into liquid fertilizer and waste heat can be used to heat the 
digester itself in cooler production months, further boosting efficiency.  More research is 
needed into the opportunity for value-added products from swine biogas digestate. 
• Production of a higher-value end product.  Electricity is relatively cheap in the eastern US and 
thus it is difficult for renewable energy to compete with electricity produced from coal and 
other sources.  Swine biogas may be more competitive in the vehicle fuel market where prices 
tend to be higher. 
• Increased price of renewable energy certificates, assuming that RECs are owned by the system.   
• Increased price on carbon credits.  Unlike the REC system, carbon credits have the benefit that 
they generate revenue no matter what the system end product is whereas RECs are only issued 
to electricity producing systems. 
• Increased system efficiency through good system design and maximizing the number of swine at 

























Price per Kwh $10.30   $10.30   $10.30   $10.30   $14.30  
Grant n/a n/a $450,000   $320,000  n/a 
Loan Size n/a   $415,800  n/a    $415,800  n/a   
Equity Required  $977,000  $561,200   $527,000   $241,200  $977,000  
Payback Year1 9 9 12 10 7 
Return on Equity over 20 year 
project life 
6% 8% 15% 23% 10% 
NPV: 20 years, 7% discount rate  $(46,200)  $27,300  $253,600 $240,400  $179,000  
1
 Payback calculated based on the project’s cumulative after tax cash flow with debt service and 
depreciation expenses added back in. 
Vermont Production Incentive Case Study 
Vermont has been working to grow electricity production from on-farm anaerobic digestion since 1999 
and has adopted several programs and policies to this end.  Vermont leads the US in terms of livestock 
anaerobic digesters per capita and their efforts have been featured in a recent documentary film called 
Cow Power
4.   
While the primary manure source in Vermont is dairy cattle the programmatic approaches are still 
applicable to the swine case.  Some key differences exist between anaerobic digestion from swine waste 
and dairy waste that affect the minimum farm scale that supports an AD system.  Because cows are 
larger animals and their waste has a higher volatile solids content AD systems can be supported on dairy 
farms with as few as 800 cows (versus a minimum efficient scale of 2,000 for swine projects).  
Additionally, dairy AD projects benefit from additional revenues generated from digester by-products 
which can be used as bedding in the barns and sold as a soil additive for home gardeners.   
The state of Vermont has implemented two key programs that work together to promote anaerobic 
digester projects.  The first is the Sustainably Priced Energy Development (SPEED) Program which was 
put in place in June of 2005 to “promote the development of in-state energy sources which use 
renewable fuels (SPEED resources) to ensure that to the greatest extent possible the economic benefits 
of these new energy sources flow to the Vermont economy in general and to the rate paying citizens of 
the state in particular.” (VEPP Inc., n.d.)  The program was later updated in 2009 to include a feed-in-
tariff standard offer program which sets a minimum price for electricity generated by on-farm biogas 
systems and seeks to guarantee a minimum rate of return to renewable energy project developers on 
par with investor-owned retail electricity providers in Vermont (Wang, 2011). 
In addition to this mandatory program one of Vermont’s largest utilities, the Central Vermont Public 
Service Corporation (CVPS), has implemented a voluntary rate-payer program called Cow Power.  This is 
a consumer supported initiative in which consumers pay an additional $.04/kwh to support farm-based 
electricity generation.  This premium is passed directly on to participating farmers boosting system 
revenues.  Funds generated in excess of power supplied are earmarked into the Renewable 
                                                           
4
 Viewable online at www.cowpowerfilm.com 
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Development Fund which supports research, development and implementation of farm-based electricity 
generation.  All of the AD systems in existence in Vermont have received support from this fund.   
The Cow Power program was established and successful prior to the development of the SPEED program 
legislation; in retrospect policy advocate and project developer Mike Raker believes it would have been 
best to let the Cow Power program expire and instead spread the cost of environmental attributes 
across all rate payers through the SPEED program (Personal Communication, March 2013).  Together 
these two programs ensure that dairy biogas projects are receive a minimum price that allows a base 
return of around 10%. 
These programs boost the long-term sustainability of projects by increasing project revenues.  Raker 
indicated this is particularly important because past system ‘failures’ are primarily due to farmers not 
investing in necessary costly repairs and letting systems fall into disrepair.  If the system investors are 
“hooked on the revenues” then there is an inherent incentive to keep the system up and running for the 
long term.  The Renewable Development Fund also makes upfront financing easier, but Raker 
emphasized that projects’ ongoing revenues are key to attracting project developers and ensuring 
sustainability.  Additionally this ongoing revenue support matches the economic benefit to the 
environmental benefits which are achieved over time.  Sean Breen, a renewable energy project 
developer based in Vermont, reiterated the importance of the feed-in-tariff model from the perspective 
of a project developer as superior to capital subsidy calling the feed-in-tariff something a project 
developer can “take to the bank” (S. Breen, Personal Communication, March 2014). 
Vermont demonstrates a high level of collaboration among stakeholders around project 
implementation.  A 2011 economic analysis of the Cow Power program by Wang et al cites stakeholder 
commitment and collaboration as a key factor in the program’s success.  This includes farmers, CVPS 
customers, state and federal government agencies, the agricultural extension and farm credit unions.  
One direct example of this collaboration is the approach that state-level representatives of federal 
funding sources take to project underwriting.  As discussed earlier in this report there are multiple 
agencies that have funds available for AD technology.  In Vermont, representatives of these agencies sit 
down together to review project applications; both to ensure that funding is not duplicated and that 
projects are able to get full benefit from multiple programs.   
One key difference between digester projects in Vermont and in North Carolina is that the majority of 
systems in Vermont are farmer owned.  It is evident from their experience however that moving toward 
a third-party ‘build-own-operate’ model is preferable and can boost project feasibility.  Stakeholders 
interviewed agreed that moving toward a third-party model would benefit systems in Vermont and that 
this is one lesson-learned from their experience. 
A second lesson learned that Raker indicated was the distinction between projects of different scales.  
Under the SPEED program solar and wind projects receive differing levels of support based on size – 
with smaller projects receiving more support.  This is common around the country due to the differing 
economies of scale with different equipment sizes and reflected in the structure of North Carolina’s 
GreenPower program.  Raker sees that the same principle holds true with livestock anaerobic digestion 
and believes that policy interventions should treat large and small scale projects differently, giving more 
support to small-scale projects.  The capital cost to swine head chart included earlier in this report backs 
up this assertion as it indicates that with increased farm size the total costs level out and the cost per 




There is currently a broad menu of funding options available to swine biogas system, each with a distinct 
impact on project financials.  While grant financing has an attractive effect on investor returns, loan 
guarantees have the additional benefit of bringing private lenders to the table and spreading limited 
resources over more projects.  Production incentives boost revenues over the project’s lifetime, keeping 
project stakeholders invested in the system and reducing the payback period.  If stakeholders were to 
coordinate to simply take full advantage of the programs that are currently available, this could double 
the number of projects in North Carolina.  While this is a small gain in the face of the number of 
potential farms it is a large gain in the progress toward showcasing this technology to other producers 
and potential investors and moving beyond the early adoption phase.  As the technology is proven 
policy makers, private lenders and investors will be more willing to support it. 
Though there are many funding tools available, the complexity of financing itself is a barrier to system 
adoption.  Project entities must navigate carbon markets, renewable energy certifications, tax credits, 
and power purchase agreement negotiations with the utility in addition to grant and loan sources at the 
federal and state levels.  Each of these programs have different requirements, certification and 
reporting procedures.  A high degree of coordination is needed among stakeholders in order to reduce 
this barrier.  The case study of Vermont shows how one state has worked to address this issue by 
bringing funders together to evaluate projects and make joint decisions.  Additionally Vermont has put 
multiple policies in place that all move toward the same goal of increased adoption of anaerobic 
digesters. 
In addition to the funding complexities, stakeholders must work together to negotiate terms around 
other project details, which affect the perceived stability of the project from the perspective of funders.  
Long term contracts must be in place for investors to feel comfortable.  This includes contracts with the 
utility regarding purchase price and feedstock agreements between the producer and the system owner 
that ensure the manure supply for the digester.  Accomplishing this requires that all parties see long 
term gain from participation – whether that be through meeting regulatory requirements (utilities), 
improving waste management and receiving a small monetary benefit (farmers), or achieving a sufficient 
return on equity (investors).   
All of these complexities add to the perception of risk which limits the flow of capital into these systems.  
Policy interventions can help to mitigate this risk by reducing upfront costs and shoring up revenues.  
Production incentives over the long term are generally seen by industry experts as the preferred method 
of project support, however at this stage in the adoption process the costs of the technology are still so 
high that this needs to be paired with construction subsidy.  This is particularly true for smaller systems 
which see much higher capital costs per swine head. 
Projects must be sustainable over the long-term to keep farmers and project partners invested.  From 
this perspective support of ongoing revenues is a more effective policy approach than upfront subsidy.  
Over the long-term it is the project revenues that will draw in investors and shift waste management 
norms.  Carbon credits appear to be the most promising way to support anaerobic digester projects as 
they are linked to system production and allow flexibility in the end product.  This flexibility of product is 
key as it allows the production of vehicle fuel which commands a higher price than electricity.  
Local governments in North Carolina have a number of options for promoting swine biogas in their 
jurisdiction.  Funds can be set aside into revolving loan funds for renewable energy projects and special 
assessments can be used to payback project investments.  Grants could also be made from local 
government sources on an upfront or ongoing basis.  Expected increases in property tax receipts from 
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neighboring properties can be used to contribute to any of these tools, though they will not be the 
driving funding sources as this is a modest impact compared to project installation costs.   
Finally, wherever possible system efficiency must be maximized to improve financial feasibility.  Third-
party ownership structures can contribute to this by involving experienced project developers.  Bringing 
in off-site organic wastes for codigestion is also an option, made easier when a third-party can oversee 
the gathering and consolidation of wastes.  Along with boosting project revenues, increasing efficiency 
brings down the project payback period.  Ultimately, improving project financials will overcome other 
technical barriers to system adoption and harness environmental and public health benefits from 
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Appendix A:  Experts Interviewed 
• Amanda Bilek, Energy Policy Specialist, Great Plains Institute 
• Tom Butler, Butler Farms 
• Garth Boyd, Senior Partner, The Prasino Group 
• Sean Breen, Vermont Native Energy 
• Joe Kramer, Senior Project Manager, Energy Center of Wisconsin 
• Kelley Oehler, Program Branch Chief, USDA Rural Development, Business Development  
• Mike Raker, Agricultural Energy Consultants, LLC in Vermont 
• Tanja Vujic, Director, Duke Carbon Offsets Initiative, Loyd Ray Farms 
• Kraig Westerbeek, Assistant Vice President for Environmental Compliance and Worker Safety, 
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Appendix C:  Pro Forma Financial Analysis 
Sample On Farm Biogas System - Assumptions
=primary assumptions to change analysis
green indicates a harcoded number, orange a link, black a formula
Farm Details System Costs Financing
Type Feeder to Finish Inflator 2% Term 10
# of Swine 4,800                     Interest Rate 4.8%
Revenues from Energy Sales Primary Loan Amount 415,671$             
Conversion Factors mmBTU/yr 7,430                    Annual Payment 52,420$               
Swine to mmBTU 1.548 CF/yr 22,425,600          
Swine to CF/yr 4672 CF/hr 2,560                    DSCR Required 3
1mmbtu = X mwh 0.2931 MWH/yr 2,178                    Annual PMT implied 23,589$               
Inefficiency 30% Loan Amount 187,052$             
Sources Price per MwH 103.31$               Loan Guarantee 55%
Include loan? 1/0 0 Inflator 0% New Loan Amount 415,671$             
Equity 976,966$              System E Use 35% USDA Guaranteed Portion 228,619$             
Loan -$                       Lender Portion 187,052$             
Grant -$                       Revenues from Credits
Total 976,966$              RECs/head 0.0579
Total RECS 278                       
Uses REC Price 45.00$                  
Hard Costs 800,792$              Carbon Credits/head 0.5787
Soft Costs 176,174$              Total CCs 2,778                    
Total 976,966$              Carbon Offset Price 13$                       
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Return on Investment Sensitivity Analysis - Effect of changing efficiency on Annual GEI
Equity Investor %CF 100%
IRR, 20yrs 6% 150,973$  0.5 1.0 1.5 2.0 2.5
Payback Year 9 45% 74,589$    100,567$  129,038$  152,522$  178,500$  
NPV @5yrs ($369,464) 30% 81,674$    114,736$  150,973$  180,862$  213,924$  
NPV@10yrs ($176,335) 15% 88,759$    128,906$  172,908$  209,201$  249,349$  
Npv @20yrs ($46,265)
Range 174,760$  
Low 74,589$    





Sample On Farm Biogas System - Equipment Sizing
Farm Details Equipment Selection
Type Feeder to Finish Component Cost
# of Swine 4,800                     Light Conditioning Unit 4,200         SCFH 266,000$        
Microturbine 200            KW 325,000$        
Conversion Factors
Swine to mmBTU 1.548
Swine to CF/yr 4672
1mmbtu = X mwh 0.2931
Energy Production
Sizing Buffer 20%
mmBTU/yr 8,916                     
CF/hr 3,072                     
MWH/yr 2,613                     
Capacity - KW 159                        
Light Conditioning Unit
Input Feed Flow (SCFH) 4,200                     
Output Feed Flow (SCFH) 4,100                     
Capacity
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Sample On Farm Biogas System - Construction Costs
Project Installation Costs
Hard Costs Cost/head $ % of Total
    Light Conditioning Equipment 55.42$       266,000$      
    Microturbine 67.71$       325,000$      
    Interconnection to Grid 4.17$         20,000$        
    MD Site preparation $7.40 $35,520
    MD In-ground lined and covered mixed AD $16.97 $81,456
    MD Pumps, Piping and Appurtenances $13.51 $64,848
    MD Equipment building and other construction $1.66 $7,968
Subtotal 167$          800,792$      82%
Soft Costs
    Grant administration/consulting 20.02$       96,095$        12%
    Operating Reserve 16.68$       80,079$        10%
Subtotal 36.70$       176,174$      18%
Total Installation Cost 204$          976,966$     100%
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Sample On Farm Biogas System - Cash Flow
Assumptions Construction Year 1 Year 2 Year 3 Year 4 Year 5
Revenues
    Electricty Sales 224,972$   224,972$   224,972$   224,972$   224,972$   
    RECs 12,500$      12,500$      12,500$      12,500$      12,500$      
    Carbon Credits 36,111$      36,111$      36,111$      36,111$      36,111$      
    Inefficiency Allowance (67,491)$    (67,491)$    (67,491)$    (67,491)$    (67,491)$    
    System Energy Use (55,118)$    (55,118)$    (55,118)$    (55,118)$    (55,118)$    
Gross Effective Income 150,973$   150,973$   150,973$   150,973$   150,973$   
Expenses
    Conditioner Maintenance 13,500$                            13,500$      13,770$      14,045$      14,326$      14,613$      
    Microturbine Maintenance 25,500$                            25,500$      26,010$      26,530$      27,061$      27,602$      
    Rent paid to Farmer % of GEI 10% 15,097$      15,097$      15,097$      15,097$      15,097$      
    Labor 20hrs x 52weeks x $20 20,800$      20,800$      20,800$      20,800$      20,800$      
    Replacement Reserve % of GEI 3% 4,529$        4,529$        4,529$        4,529$        4,529$        
976,966$        79,427$      80,207$      81,002$      81,814$      82,641$      
Net Operating Income 71,547$     70,767$     69,971$     69,160$     68,332$     
DSCR - Primary Loan Loan option OFF #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
Taxable Income
    Less Depreciation (80,079)$    (80,079)$    (80,079)$    (80,079)$    (80,079)$    
    Less Interest -$            -$            -$            -$            -$            
Taxable Income (8,533)$      (9,313)$      (10,108)$    (10,920)$    (11,747)$    
Before Tax Cash Flow 
    Depreciation 80,079$      80,079$      80,079$      80,079$      80,079$      
    Less Debt Principle -$            -$            -$            -$            -$            
BTCF 71,547$     70,767$     69,971$     69,160$     68,332$     
After Tax Cash Flow
    Tax Savings 34.0% 2,901$        3,166$        3,437$        3,713$        3,994$        
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    Tax Credits 35% 68,388$      68,388$      68,388$      68,388$      68,388$      
ATCF 142,835$   142,321$   141,795$   141,260$   140,714$   
USDA Payback Calculation
    ATCF 142,835$   142,321$   141,795$   141,260$   140,714$   
    Payment on Principle -$            -$            -$            -$            -$            
    Interest -$            -$            -$            -$            -$            
Total CF for Payback 142,835$   142,321$   141,795$   141,260$   140,714$   
Cumulative CF for Payback 142,835$   285,156$   426,951$   568,211$   708,925$   
Paid back? 976,966$        FALSE FALSE FALSE FALSE FALSE
IRR Calcuation
% of CF going to Equity Investor 100%
ATCF (976,966)$      142,835$   142,321$   141,795$   141,260$   140,714$   
IRR, 5 yrs -10%
IRR, 10 yrs 2%
IRR, 20 yrs 6%
NPV
Discount Rate 7%
NPV, 5yrs ($369,464)
NPV, 10yrs ($176,335)
NPV, 20yrs ($46,265)
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